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Background: This experiment aimed to investigate the role and mechanism of lipoprotein-associated
phospholipase A2 (Lp-PLA2) in kidney injury in septic mice induced by cecal ligation and perforation (CLP).
Methods: Male BALB/c mice were randomly divided into two groups: sham-operation group (Sham group)
and septic group (CLP group). The septic model was simulated by cecal ligation and puncture method, but
only cecal ligation was used for the sham operation group. The whole serum and renal tissue samples of the
mice were collected 24 hours after modeling in both groups. Hematoxylin-eosin (HE) staining was used to
observe the pathological changes of renal tissue, the renal injury score was recorded, and the creatinine (Cr)
and blood urea nitrogen (BUN) levels were detected by automatic biochemical analyzer, while the serum Lp-
PLA2 level was detected by enzyme-linked immunosorbent assay (ELISA). The 7-day survival rate and the
survival curve of the two groups were statistically analyzed.

Results: Compared with the Sham group, the pathological score of renal injury in the CLP Group was
higher, the level of Lp-PLA2 in serum was significantly increased (all P<0.01), and the expression of Lp-
PLA2 in renal tissue was significantly elevated (all P<0.01). Furthermore, the 7-day survival rate of the Sham
group was 90%, while that of CLP group was 25%.

Conclusions: The expression level of Lp-PLA2 in blood and kidney tissue of septic mice was increased
and correlated with prognosis. However, the predictive value of Lp-PLA2 for prognosis in septic mice needs
further study.
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Introduction with sepsis and 6 million people die of sepsis every year (2).

The pathogenesis of sepsis is related to the imbalance

Sepsis is a systemic inflammatory response syndrome (SIRS) of inflammatory response and immune regulation (3).

caused by infection (1), which is one of the important
causes of death in intensive care unit (ICU) patients. The
prevalence and the mortality rate of sepsis are high, and,

according to statistics, about 30 million people are infected
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Microorganisms break through the skin barrier and invade
the blood flow, causing an active host defense response,
stimulating phagocytes, recruiting inflammatory cells, and
leading to the release of inflammatory mediators and the

Transl Androl Urol 2020;9(5):2192-2199 | http://dx.doi.org/10.21037/tau-20-1173


https://crossmark.crossref.org/dialog/?doi=10.21037/tau-20-1173

Translational Andrology and Urology, Vol 9, No 5 October 2020

occurrence of inflammatory cascade reaction. This in turn
results in the enhancement of systemic inflammation (4),
eventually precipitating organ dysfunction or even death.
The kidney is a common organ involved in sepsis, prone
to develop into acute kidney injury (AKI). AKI is one of
the most common and serious complications of sepsis.
According to statistics, about 50% of septic patients have
AKI, and one-third of them die of this condition (5). The
pathogenesis and pathophysiological mechanism of AKI in
sepsis are complex and multifactorial. AKI pathogenesis is
related to renal ischemia-reperfusion injury, inflammatory
factors, nitric oxide theory, apoptosis theory, endothelial
dysfunction, endothelin (ET) effect, endotoxin direct
damage, oxidative stress injury, and other factors (6).
Meanwhile, AKI pathophysiology is related to the changes
in the renal hemodynamics, endothelial dysfunction,
infiltration of inflammatory cells in the renal parenchyma,
thrombosis in glomeruli, obstruction of tubules, necrotic
cells, and debris (7). A study by Federspiel ez al. (8)
involving patients with sepsis-associated AKI found that
prolonged AKI for more than 7 days was associated with
ICU stay, ventilator use, and cardiovascular failure, resulting
in low prognosis, a high recurrence rate, and a high
mortality rate. Therefore, it is crucial to actively identify
biomarkers and therapeutic targets that can identify sepsis-
related AKI early, so as to enable early prevention and
intervention, thereby reducing the incidence and mortality.
Phospholipase A2 (PLA2) is an enzyme family that
participates in lipid metabolism, hydrolyzes phospholipids,
and releases arachidonic acid and lysophosphatidylcholine
(lysoPC) (9). It is found widely in bacteria, mammalian
cells, and secretions (10). According to the location, amino
acid sequence homology, and biochemical characteristics,
PLA?2 family can be divided into three types: Ca2+-
dependent, comprising (I) secretory (sPLA2, including
PLA2-I, 11, III, V; IX, and X) and (II) cytoplasmic types
(cPLA2, including PLA2-IV); and (IIT) Ca**-independent
(iPLA2, including PLA2-VI, VII, and VIII) (11). It plays an
important role in the inflammatory response by triggering
the production of inflammatory mediators and participates
in a variety of acute and chronic inflammatory diseases.
In recent years, several studies have shown that PLA2 is
involved in the pathogenesis of acute respiratory syndrome
(ARDS) (12), acute pancreatitis (13), sepsis (14), and has
great value in the diagnosis of inflammatory diseases.
Lipoprotein-associated phospholipase A2 (Lp-PLA2), a
member of the phospholipase A2 superfamily, is a Ca**-
independent secreted PLA2 (15). Because of its activity in
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degrading platelet-activating factor (PAF), also known as
platelet-activating factor acetylhydrolase (PAF-AH) (16),
it is synthesized and secreted by inflammatory cells such as
macrophages, T cells, and mast cells in the intima of blood
vessels. It can hydrolyze oxidized phospholipids with pro-
inflammatory properties, release lysoPC, and form non-
esterified fatty acids (oxXNEFA) (primary arachidonic acid)
(17-19). LysoPC and oxidized non-esterified fatty acids are
pro-inflammatory mediators that stimulate the production
of adhesion factors and cytokines, and form monocyte
chemotaxis, which could be turned into macrophages
after endometrial aggregation (20). At the same time, they
can cause endothelial dysfunction and induce endothelial
cells to express leukocyte adhesion factor, platelet-derived
growth factor, and epidermal growth factor (21), which
jointly participate in the inflammatory reaction and
aggravate the vicious circle of cascade reaction. Although
Lp-PLA2 can degrade the platelet-activating factor (PAF)
and play an anti-inflammatory and antithrombotic role,
this is insignificant compared to the pro-inflammatory
effect (20). Results of related studies suggest that Lp-PLA2
has potential value as a biomarker of inflammatory diseases.
A fair amount of literature attests to its upregulation in
coronary heart disease (22), stroke (23), pancreatitis (24),
and myocarditis (25), but the role in AKI caused by sepsis
has not been studied in detail. In the past, a large number
of studies related to sepsis induced acute kidney injury,
but the majority of clinical related studies. The potential
biomarkers for its prevention and treatment are rarely
studied. However, according to our previous clinical
experiments, we found that there is a certain correlation
between Lp-PLA2 and sepsis related renal injury, so we
conducted further research. Thus, the purpose of the
present study was to clarify the role of Lp-PLA2 in renal
injury in septic mice and its related mechanism, and to
provide the theoretical basis for early clinical detection and
treatment of AKI caused by sepsis.

We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1173).

Methods
Animal grouping and establishment of a sepsis model

Male BALB/c mice aged 6-8 weeks (Kay Biological
Technology, Shanghai, China) were randomly divided
into two groups, the sham operation group (Sham group)
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and the sepsis group (CLP Group). In brief, the model
of CLP group was established by cecal ligation and
puncture combined with an experimental method described
elsewhere (26). The mice were anesthetized (3% chloral
hydrate 1 mL/100 g) to the appropriate depth. The mice
were fixed on the experimental operating table in a supine
position. The skin was prepared and the operation area was
disinfected. A 1-cm incision was made on the midline of
the abdomen. The end of the cecum was ligated with No. 4
sterile silk thread at the position of 1-1.5 cm. The cecal end
was punctured and extruded with a No. 20 needle. A small
amount of feces was disinfected with iodophor cotton swab
and returned to the abdominal cavity with sterile tweezers.
Finally, the abdomen was closed by suture layer by layer.
After that, 30 mL/kg body weight of warm-up normal saline
was injected intraperitoneally for fluid resuscitation (27).
After the operation, the mice were free to eat and drink.
In the Sham group, the abdominal cavity was opened as in
the CLP Group, and cecal ligation was performed without
further cecal puncture. Experiments were performed
under a project license (No.: 2018-L062) granted by the
Ethics Committee of the Affiliated Hospital of Nantong
University, in compliance with GSPC (Gold standard
publication checklist) for the care and use of animals.

Animal sampling

The mice in the two groups were anesthetized at an
appropriate depth 24 h after the operation. The abdominal
cavity was opened along the midline of the abdomen.
Whole blood 800-1,000 pL. was collected from each mouse
through the heart and centrifuged at 1,000 R/min for
10 min after standing at room temperature for 1 h. The
supernatant was put into a 1.5-mL Eppendorf tube and
stored in a —-80 °C refrigerator for subsequent detection.
After that, the exposed aorta and kidney were separated,
the abdominal aorta was cutoff, and blood was completely
drawn. The bilateral kidney tissues were stored in a 1.5-mL
Eppendorf tube and frozen in a -80 °C refrigerator for
subsequent detection.

Hematoxylin-eosin (HE) staining of renal tissue

One side of the renal tissue was fixed with 4%
paraformaldehyde for 24 h, paraffin-embedded, sliced, and
then stained with hematoxylin and eosin (HE; Sigma) (28).
Under a Leica DM 4000B microscope (Leica Microsystems,
Wetzlar, Germany), 5-10 visual fields were selected to
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observe the pathological changes of renal tissue. The
tubular injury was defined as tubular epithelial swelling,
brush edge loss, vacuolar degeneration, necrotic tubules,
cast formation, and desquamation. Scoring criteria were the
following: 0, normal tissue; 1, damaged area of renal tubules
<25%j; 2, damaged area of renal tubules between 25% and
50%; 3, damaged area of renal tubules between 50% and
75%; 4, damaged area of renal tubules between 75% and
100%.

Creatinine (Cr) and blood urea nitrogen (BUN) levels

The levels of Cr and BUN in serum were analyzed by
an automatic biochemical analyzer (Roche Diagnostic,
Shanghai). The parameters were set according to the
instructions of the instrument, the samples and reagents to
be tested were placed, and the data were read.

The levels of Lp-PLA2 in serum and kidney were
measured by enzyme-linked immunosorbent assay (ELISA)

The serum and kidney tissues stored in -80 °C refrigerator
were taken out for thawing, and then the operation was
carried out in strict accordance with the instructions of
the (Lp-PLA2) ELISA Kit (R & D Systems, Minneapolis,
MN, USA), and the level of Lp-PLA2 in kidney tissue was

determined.

Seven-day survival rate of mice

Twenty male BALB/c mice aged 6-8 weeks (Kay Biological
Technology, Shanghai, China) were randomly divided into
two groups: the Sham group and the CLP Group. After
the establishment of the CLP model, mice in each group
were first observed for 7 days of survival. The deaths were
observed and recorded each day for 7 days, and the survival
curves were drawn and analyzed statistically.

Statistical methods

GraphPad Prism v.8 (Graphpad Software, San Diego, CA,
USA) was used for all statistical analyses. The significant
differences concerning the interaction effects were
analyzed using one-way analysis of variance (ANOVA)
and Tukey’ test. The normal distribution of measurement
data are expressed as mean * standard error (¥ = 5), and the
comparison between the two groups was conducted with a
two-tailed Student’s z-test. A Kaplan-Meier survival curve
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was used to analyze survival. A P value <0.05 was considered
statistically significant.

Results
Histopathological observation of kidneys

In the Sham group, the structure of kidney tissue was
clear, the renal tubules and glomeruli were normal; no
degeneration, atrophy, swelling, necrosis, or inflammatory
infiltration was found in renal tubular epithelial cells, and
the lumen was not dilated. In the CLP Group, the renal
tissue was edematous, the glomerular structure was not
clear, and a small amount of fibrous tissue hyperplasia
was accompanied with a large degree of inflammatory cell
infiltration; the capillary lumen became narrow or even

Table 1 The renal histopathological scores of the Sham group
(n=10) and CLP group (n=10) 24 h after operation

Group 24-h renal histopathological scores
Sham 0.89+0.20
CLP 1.96+0.40

CLP, cecal ligation and perforation.

2195

occluded, and the renal small cystic cavity was significantly
narrowed; compared with the Sham group, the renal
injury score was significantly increased (P<0.05) (Table 1).
Compared with the normal kidney tissue, there was no
significant difference in the pathological score of renal
tissue injury in the Sham group; the pathological score
of renal tissue injury in the CLP Group was significantly
increased at each time point after the operation, and there
was a significant difference compared with the Sham group
(P<0.05) (Figure I).

Serum levels of Cr and BUN

The levels of Cr and BUN in the serum of the Sham group
were within the normal physiological range, while those in
the CLP Group were significantly higher than those in the
Sham group (all P<0.05) (Table 2; Figure 2).

Changes in Lp-PLA2 level in serum

The serum Lp-PLA2 level in the Sham group was lower
than that in the CLP-induced septic mice, and the
difference was statistically significant (all P<0.05) (1able 3;
Figure 3).

Hl Sham

Hkkk

2.5 f 1 [ CLP
2.0
1.5

1.0

0.5

0.0=

Pathological score of renal tissue injury/24 h

Sham CLP

Figure 1 Renal tissue injury in the CLP group was more severe than that in Sham group 24 hours after the operation. (A) By HE staining,
the pathological structure of the kidney in the Sham group was observed under the microscope (200 times magnification); (B) By HE
staining, the pathological structure of the kidney in the CLP group was observed 24 h after the operation (200 times magnification); (C) the
renal histopathological score of the CLP group (n=10) was significantly higher than that of the Sham group (n=10). The results showed a

significant difference. ****, P<0.001. CLP, cecal ligation and perforation.
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Changes in Lp-PLA2 level in renal tissue

The level of Lp-PLA2 in the Sham group was lower than
that in the CLP-induced septic mice, and the difference was
statistically significant (all P<0.05) (Table 3; Figure 3).

Seven-day survival rate

The 7-day survival rate of the CLP Group was significantly
lower than that of the Sham group (25.0% wvs. 90.00%,
P<0.001) (Figure 4).

Discussion

Sepsis can lead to multiple organ dysfunction syndrome,
which seriously affects the prognosis of ICU patients. The
mortality of sepsis complicated with acute renal failure has
been reported to be as high as 74.5%, while that without
acute renal failure was reported to be 45.2% (29). In-
depth study on the pathogenesis of sepsis-induced AKI
has revealed that inflammatory necrosis of renal tubular

Table 2 Cr and BUN levels in the serum of the CLP group (n=10)
and Sham group (n=10) mice

Group Creatinine (umol/L) Blood urea nitrogen (umol/L)
Sham 75.28+1.294 7.735+0.3751
CLP 121.5+2.088 12.87+0.4683

Cr, creatinine; BUN, blood urea nitrogen; CLP, cecal ligation and
perforation.
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epithelial cells may play a key role in this process. The
results of the present study showed the necrosis of renal
tissue in the CLP group to be significantly higher than
that in the Sham group. Meanwhile, the experimental
results also indicated that inflammatory lesions in renal
tissue could lead to changes in the renal vascular bed,
while promoting inflammatory cell infiltration and
thrombosis. Lp-PLA2, also known as platelet-activating
factor phthalide hydrolase (PAF-AH), is an inflammatory
marker closely related to atherosclerosis and ischemic
cardiovascular and cerebrovascular diseases. It can catalyze
the hydrolysis of lipoproteins and phosphatidylglycerol
bonds on the cell membrane to form uncooled fatty
acids and lysophospholipids. Lp-PLA2 is a serine lipase
composed of 441 amino acid residues with a relative
molecular weight of 45.4KD (30); it mainly exists in blood
vessels and is produced by inflammatory cells and regulated
by inflammatory mediators. Compared with the Sham
group, severe necrosis, edema, infiltration of inflammatory
cells, unclear glomerular structure, and loss of original
physiological structure occurred in the Sepsis model group.
Meanwhile, through the detection of serum Cr, serum
urea nitrogen value was used to verify the degree of renal
injury and necrosis. Furthermore, the levels of Lp-PLA2 in
the kidney and serum of the Sham and CLP groups were
detected by ELISA. This indicates that, with the further
development of sepsis, severe systemic infection followed by
septic shock will occur, which in turn results in a low kidney
blood flow and poor renal perfusion. The aggravation of the
disease leads to the release of vascular inflammatory factors.

B 15 — FhkK
I 1 Il Sham
Q i
° [ CLP
5
= 104
[]
(o))
Y
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O — ——
Sham CLP

Figure 2 The Cr and BUN in the CLP group (n=10) were higher than those in the Sham group. An automatic biochemical analyzer (Roche
diagnostic, Shanghai) was used to evaluate the Cr value of mice. (A) The Cr in the CLP group (n=10) was significantly higher than that in
the Sham group, and exceeded the normal range; (B) the BUN level in the CLP group (n=10) was significantly higher than that in the Sham

group and exceeded the normal range. The results showed a significant difference. ****, P<0.001. Cr, creatinine; BUN, blood urea nitrogen;

CLP, cecal ligation and perforation.
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Table 3 Expression of Lp-PLA?2 in the serum and kidney of CLP
group (n=10) and Sham group (n=10) mice

Serum LP-PLA2 Kidney tissue LP-PLA2

G
roup (ng/mL) (ng/mL)
Sham 77.94+2.329 79.87+2.719
CLP 92.43+1.866 92.14+1.544
CLP, cecal ligation and perforation.
100 -
- - Il Sham
80 - i cLr
T
E‘: 60 -
[9Y}
3 40
o
a
—
20 -
0 —

Serum Kidney tissue

Figure 3 Lp-PLA2 was expressed in the serum and kidney of the
CLP group (n=10) and Sham group (n=10). The expression levels
of Lp-PLA in the serum and kidney of the CLP group (n=10) were
higher than those in the Sham group (n=10). ****, P<0.001. CLP,

cecal ligation and perforation.

The mice in both groups survived for seven days

== Sham

l N N N N N s ... CLP

0.5

Cumulative survival function

0.0 1 I 1

Figure 4 The survival rate of the CLP group (n=20) was compared
with that of the Sham group (n=20). Deaths occurred in the Sham
group on the first day, but did not occur again. The mortality of
CLP group mice was much higher than that of Sham group mice
on the first day, second day, and third day, indicating that the
prognosis of the CLP group was poor. CLP, cecal ligation and

perforation.
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As an enzyme mediated by vascular inflammatory factors,
Lp-PLA2 also increases significantly. Lp-PLA2 hydrolyzes
oxidized phosphatidylcholine on low-density lipoprotein
(LDL) on arterial intima to produce pro-inflammatory
mediators such as lysoPC and free oxidized fatty acids.
It can stimulate the production of adhesion factors and
cytokines, and promote monocytes to accumulate from
the lumen to intima. These monocytes then develop
into macrophages causing oxidative activation, which
aggravates the damage of renal vessels. Moreover, activated
macrophages and apoptotic cells will produce and release
more Lp-PLA?2 into the blood, forming an injurious cycle.
Some studies have shown that (31) Lp-PLA2 activity is
positively correlated with the concentration in blood, which
eventually leads to the further development of inflammation
and aggravates the process of sepsis.

Conclusions

The results of our study show that the expression of Lp-
PLA2 in blood and kidney tissue of septic mice was
increased, and the up-regulation of Lp-PLA?2 is positively
correlated with the severity of acute kidney injury induced
by sepsis, which is expected to become a diagnostic and
prognostic indicator for acute kidney injury induced by
sepsis.
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